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ONE-PAGE SUMMARY

» The stock assessment model for 2020 is similar in strud¢tutbe 2019 model. It is fit to
an acoustic survey index of abundance, annual commerda@l data, and age-composition
data from the survey and commercial fisheries.

 Structural changes from 2019 involve a new prior distitoutor the parameters that weight
the age-composition data, removal of the constraint thithated recruitment deviations
must sum to zero, and using the average of the most recentdars yrather than all years)
of weight-at-age data for calculating forecasts.

» Updates to the data include: the biomass estimate andaygpesition data from the acous-
tic survey conducted in 2019, fishery catch and age-compnogiata from 2019, weight-at-
age data for 2019, and minor changes to pre-2019 data.

» Coast-wide catch in 2019 was the third largest on recordLaf283 t [t represents metric
tons], out of a Total Allowable Catch (adjusted for carryyeof 597,500 t. Attainment
in the U.S. was 71.8% of its quota (down 0.3% from last yedtgimment in Canada was
60.4% (down 0.7% from last year).

» The median estimate of the 2020 relative spawning bionfassale spawning biomass at
the start of 2020 divided by that at unfished equilibrilg), is 65% but is highly uncertain
(with 95% credible interval from 31% to 129%). The mediaratee spawning biomass
reached a historical low of 33% in 2010, increased due tcelagjimated 2010 and 2014
cohorts, and has gradually declined since 2017 during agefirecord catches.

* The median estimate of female spawning biomass at the @ft@®20 is 1.196 million t
(with 95% credible interval from 0.550 to 2.508 million t)hiE is a decrease from the 2019
median of 1.379 million t (with 95% credible interval 0.736706 million t).

» The estimated probability that spawning biomass at theé@t2020 is below thd&4q9, (40%
of Bp) reference point is 9.9%, and the probability that the neddishing intensity is above
its target at the end of 2019 is 8.4%. The joint probabilitypoth these occurring is 4.3%.

» Based on the default harvest rule, the estimated mediah diatit for 2020 is 666,458 t
(with 95% credible interval from 258,675 to 1,588,947 t).

» Projections are highly uncertain due to uncertainty innestes of recruitment for recent
years and, thus, were conducted across a range of catch.|&rejections setting the 2020
and 2021 catch equal to the 2019 Total Allowable Catch of H3¥t show the estimated
median spawning biomass decreasing from 65%8gah 2020 to 47% oBgp in 2021 and to
34% ofBg in 2022, with a 60% chance of the spawning biomass fallingw&,qe, in 2022.
There is an estimated 97% chance of the spawning biomassidgdrom 2020 to 2021 and
an 87% chance of it declining from 2021 to 2022 under this taoridevel of catch.
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EXECUTIVE SUMMARY

STOCK

This assessment reports the status of the coastal Pacifee (daRacific whitingMerluccius pro-
ductug resource off the west coast of the United States and Candlda start of 2020. This stock
exhibits seasonal migratory behavior, ranging from offshand generally southern waters dur-
ing the winter spawning season to coastal areas betwedmenoi€alifornia and northern British
Columbia during the spring, summer, and fall when the fisieecpnducted. In years with warmer
water the stock tends to move farther to the north during timenser. Older hake tend to migrate
farther north than younger fish in all years, with catche©iew@anadian zone typically consisting
of fish greater than four years old. Separate, and much syadlpulations of hake occurring in
the major inlets of the northeast Pacific Ocean, includimgStrait of Georgia, Puget Sound, and
the Gulf of California, are not included in this analysis.

CATCHES

Coast-wide fishery Pacific Hake landings averaged 237,383t 1966 to 2019, with a low of
89,930 t in 1980 and a peak of 440,950 t in 2017 (Figa)rePrior to 1966, total removals were
negligible compared to the modern fishery. Over the earlyodef1966—1990) most removals
were from foreign or joint-venture fisheries, and catch i&.UWvaters averaged 179,652 t, (76.1%
of the total catch) while catch from Canadian waters avetdge682 t. Over the last 10 years,
2010-2019 (Table), the average coast-wide catch was 309,955 t with U.S. anddian catches

B U.S. Joint-Venture B Canada Freezer-Trawler H U.S. Shore-Based

B U.S. Foreign B Canada Shoreside B U.S. Catcher-Processor
B Canada Joint-Venture B U.S. Mothership

B Canada Foreign

400
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Catch (thousand t)

1966 1970 1974 1978 1982 1986 1990 1994 1998 2002 2006 2010 2014 2018
Year

Figure a. Total Pacific Hake catch used in the assessment by sectd@-2069. U.S. tribal catches are
included in the sectors where they are represented. CPcisesgirocessor and MS is mothership.
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Table a. Recent commercial fishery catch (t). Tribal catches araidezd in the sector totals. Research catch
includes landed catch associated with certain reseatatedeactivities. Catch associated with surveys and

discarded bycatch in fisheries not targeting hake are notctly included in the table or model.

us us us Us CAN CAN CAN
Year Mother-  Catcher- Shore- R Joint- Shore-  Freezer Total

h esearch Total ) Total

ship processor  based Venture side  Trawlers
2010 52,022 54,284 64,736 0 171,043 8,081 35,362 13,573 167,228,059
2011 56,394 71,678 102,146 1,042 231,261 9,717 31,760 44,586,073 287,334
2012 38,512 55,264 65,919 448 160,144 0 32,147 14,912 47,08%7,203
2013 52,470 77,950 102,141 1,018 233,578 0 33,665 18,58424%2, 285,828
2014 62,102 103,203 98,640 197 264,141 0 13,326 21,792 85,1299,259
2015 27,665 68,484 58,011 0 154,160 0 16,775 22,909 39,6843,8449
2016 65,036 108,786 87,760 745 262,327 0 35,012 34,731 39,73B82,070
2017 66,428 136,960 150,841 0 354,229 5,608 43,427 37,68672B6 440,950
2018 67,121 116,073 135,112 0 318,306 2,724 50,747 41,94241®5 413,719
2019 52,646 116,146 148,211 0 317,003 0 50,330 43,950 94,2801,283

averaging 246,619 t and 63,336 t, respectively. The coas-vatch in 2019 was 411,283 t, out
of a total allowable catch (TAC, adjusted for carryoversp®7,500 t. Attainment in the U.S. was
71.8% of its quota and in Canada it was 60.4%.

In this stock assessment, the terms catch and landings adeinterchangeably. Estimates of
discard within the target fishery are included, but diseagdif Pacific Hake in non-target fisheries
is not. Discard from all fisheries, including those that do taoget hake, is estimated to be less
than 1% of landings in recent years. During the last five yezatches were above the long-term
average catch (237,334 t) in 2016, 2017, 2018, and 2019(lastthree years being the highest
catches on record) and below it in 2015. Landings betweed 20d 2008 were predominantly
comprised of fish from the very large 1999 year class, witlctimaulative removal (through 2019)
from that cohort estimated at approximately 1.29 milliomhrough 2019, the total catch of the
2010, 2014, and 2016 year classes is estimated to be abduirillion t, 0.51 million t, and
0.17 million t, respectively.

DATA AND ASSESSMENT

This Joint Technical Committee (JTC) assessment depemdarily on the fishery landings (1966—
2019), acoustic survey biomass indices (Figorand age compositions (1995-2019), as well as
fishery age compositions (1975-2019). The 2011 survey indkie was the lowest in the time
series and was followed by the index increasing in 2012, 2848 2015; the 2019 estimate is the
fourth highest of the series. Age-composition data fromaggregated fisheries and the acous-
tic survey provide data that facilitates estimating re&attohort strength, i.e., strong and weak
cohorts.

The assessment uses a Bayesian estimation approachivégresitalyses, and retrospective in-

vestigations to evaluate the potential consequences afrer uncertainty, alternative structural
models, and historical performance of the assessment nredpkectively. The Bayesian approach
combines prior knowledge about natural mortality, stoe&ruitment steepness (a parameter for
stock productivity), and several other parameters, whhlihoods for acoustic survey biomass

Pacific Hake assessment 2020 7 Executive summary
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Figure b. Acoustic survey biomass indices (millions of tons). Appmoate 95% confidence intervals
are based on sampling variability (intervals without sé¢nadte apportionment uncertainty in 2009 are
displayed in black). See Table for values used in the base model.

indices, acoustic survey age-composition data, and fislhgeycomposition data. Integrating the
joint posterior distribution over model parameters (via Markov chain Monte Carlo algorithm)
provides probabilistic inferences about uncertain modehmeters and forecasts derived from
those parameters. Sensitivity analyses are used to igafigfrnative model assumptions that may
also be consistent with the data. Retrospective analyssgifig possible poor performance of
the assessment model with respect to future predictiorst.aBaessments have conducted closed-
loop simulations which provide insights into how altermatcombinations of survey frequency,
assessment model selectivity assumptions, and harvetsbkares affect expected management
outcomes given repeated application of these procedussstiog long-term. The results of past
(and ongoing) closed-loop simulations influenced the datssmade for this assessment.

This 2020 assessment retains most of the structural forimedbase assessment model from 2019
as well as many of the previous elements as configured in Sgnothesis. Analyses conducted
in 2014 showed that allowing for time-varying (rather thagedi) selectivity reduced the magni-
tude of extreme cohort strength estimates. In closed-laoplations, management based upon
assessment models parameterized with time-varying fiskedgectivity led to higher median av-
erage catch, lower risk of falling below 10% of unfished bissyasmaller probability of fishery
closures, and lower inter-annual variability in catch camgol to assessment models parameterized
with time-invariant fishery selectivity. Even a small degid flexibility in the fishery selectivity
could reduce the effects of errors caused by assuming s@hecs constant over time. There-

Pacific Hake assessment 2020 8 Executive summary
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Figure c. Median of the posterior distribution for beginning of theaydemale spawning biomasB;(in
yeart) through 2020 (solid line) with 95% posterior credibilitytérvals (shaded area). The solid circle
with a 95% posterior credibility interval is the estimatadished equilibrium biomass.

fore, we retain time-varying selectivity in this assesstnaffe retain the Dirichlet-Multinomial
approach to weighting composition data and use a new priothfo corresponding parameters.
We again provide sensitivities to alternative data-werghapproaches. Time-varying fecundity,
which was introduced in 2019, was retained. The weightgatiaformation for the forecast period
was changed to be a representation of the last five years thtne all years to match the years
used for other time-varying processes.

STOCK BIOMASS

Results from the base model indicate that since the 1960@#jdPidake female spawning biomass
has ranged from well below to above unfished equilibrium Fégc andd). Model estimates
suggest that it was below the unfished equilibrium in the $96@ the start of the assessment
period, due to lower than average recruitment. The stocktimated to have increased rapidly
and was above unfished equilibrium in the mid-1970s and rA&D& (after two large recruitments
in the early 1980s). It then declined steadily to a low in 19D8is was followed by a brief increase
to a peak in 2002 as the very large 1999 year class maturedl99teyear class largely supported
the fishery for several years due to relatively small rearaiits between 2000 and 2007. With
the aging 1999 year class, median female spawning biomatisetd throughout the late 2000s,
reaching a time-series low of 0.591 million t in 2010. Thesgssnent model estimates that median

Pacific Hake assessment 2020 9 Executive summary
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Figure d. Median (solid line) of the posterior distribution for relet spawning biomas$(/By) through
2020 with 95% posterior credibility intervals (shaded aré&zashed horizontal lines show 10%, 40% and
100% levels.

spawning biomass then peaked again in 2013 and 2014 due ty kaxge 2010 year class and an
above-average 2008 year class. The subsequent declin@bsnto 2016 is primarily from the
2010 year class surpassing the age at which gains in wemhtdgrowth are greater than the loss
in weight from mortality. The 2014 year class is estimatededarge, though not as large as the
1999 and 2010 year classes, increasing the biomass in 20&7eslimated biomass has declined
since 2017, during a time of record catches.

The median estimate of the 2020 relative spawning biomass\sing biomass at the start of 2020
divided by that at unfished equilibriurBg) is 65%. However, the uncertainty is large, with a 95%
posterior credibility interval from 31% to 129% (Talk. The median estimate of the 2020 fe-
male spawning biomass is 1.196 million t (with a 95% posteziedibility interval from 0.550 to
2.508 million t). The estimate of the 2019 female spawnirapiass is 1.379 (0.736—2.706) mil-
lion t. This is a slightly higher median and narrower crelitipiinterval than the 1.312 (0.471-
3.601) million t estimated in the 2019 assessment.

RECRUITMENT

The new data available for this assessment do not signifjcaeindnge the pattern of recruitment
estimated in recent assessments. However, estimatedtmeents for some years have changed.

Pacific Hake assessment 2020 10 Executive summary



Table b. Recent trends in estimated beginning of the year female r@pgwbiomass (thousand t) and
spawning biomass relative to estimated unfished equitifriu

Year

Spawning biomass Relative spawning biomass
(thousand t) (Bt/Byg)
h h h h
2.8 . Median 97'5. 2.5 . Median 97.8 :
percentile percentile percentile percentile

2011
2012
2013
2014
2015
2016
2017
2018
2019
2020

555.6 727.4 1,101.7 26.3%  40.1% 61.6%
686.7 939.7 1,496.6 33.6% 51.6% 82.6%
1,217.1 1,696.3 2,754.8 60.7%  93.6% 152.0%
1,259.6 1,784.0 2,915.8 63.4%  98.5% 160.4%
927.4 1,337.3 2,213.5 46.8%  73.9% 122.3%
816.1 1,198.1 2,017.4 41.5%  66.0% 110.1%
978.9 1,548.0 2,715.1 51.1%  85.2% 146.9%
860.2 1,483.6 2,738.9 46.1%  81.2% 143.7%
7355 1,379.4 2,706.2 39.8%  75.6% 140.1%
550.1 1,196.3 2,507.7 30.7%  65.0% 129.5%

Table c. Estimates of recent recruitment (millions of age-0) anduiément deviations, where deviations
below (above) zero indicate recruitment below (above) éistitnated from the stock-recruit relationship.

Absolute recruitment Recruitment deviations

Year : (millions) : : :

2.8 . Median 97.8 : 2.9 . Median 97'5.

percentile percentile percentile percentile

2010 9,997.5 15,344.3 27,750.0 2.511 2.921 3.349
2011 162.5 432.2 955.0 -1.652  -0.687 0.049
2012 835.7 1,424.8 2,751.5 -0.057 0.485 1.002
2013 110.1 338.7 860.2 -2.101  -1.025 -0.196
2014 5386.6 9,401.4 18,478.6 1.757 2.305 2.871
2015 10.8 62.9 281.1 -4.382  -2.671 -1.326
2016 2,178.4 45505 10,016.1 0.908 1.590 2.287
2017 807.1 2,206.4 5,970.8 -0.106 0.864 1.752
2018 30.3 357.7 3,836.4 -3.318  -0.953 1.340
2019 57.7 924.4  16,936.9 -2.747 0.005 2.757
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Figure e. Medians (solid circles) and means)(of the posterior distribution for recruitment (billiong o
age-0) with 95% posterior credibility intervals (blue I&)e The median of the posterior distribution for
mean unfished equilibrium recruitmerRg] is shown as the horizontal dashed line with a 95% posterior
credibility interval shaded between the dotted lines.

For example, this assessment’s median estimate of the 2@filitment is 1.8 billion more fish (a
13% increase) than last year's assessment. This diffeisnaggely driven by the addition of the
2019 acoustic survey age compositions where the propoofi@ge-9 fish was higher than what
the 2019 assessment model results would have otherwisesiegggiven mortality.

Pacific Hake appear to have low recruitment with occasicarglel year-classes (Tabteand Fig-
uree). Very large year classes in 1980, 1984, and 1999 supporteth wf the commercial catch
from the 1980s to the mid-2000s. From 2000 to 2007, estimaeditment was at some of the
lowest values in the time series, but this was followed bylzova average 2008 year class. The
current assessment continues to estimate a very strong\&tQclass comprising 64% of the
coast-wide commercial catch in 2014, 33% of the 2016 catg% @f the 2018 catch, and 19% of
the 2019 catch. The decline from 2014 to 2016 was due to the laflux of the 2014 year class
(50% of the 2016 catch was age-2 fish from the 2014 year claissyas larger than the proportion
of age-2 fish, 41%, from the 2010 year class in 2012). The meziimate of the 2010 year class
is just below the highest ever (for 1980), with a 36% probghihat the 2010 year class is larger
than the 1980 year class (this probability was 18% for laat’g@assessment). The model currently
estimates small 2011, 2013, 2015, and 2018 year classesfmredruitment well below the mean
of all median recruitments).
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Table d. Recent estimates of relative fishing intensity, (1-SPR¥PRy04), and exploitation fraction (catch
divided by age-2+ biomass).

Relative fishing intensity Exploitation fraction

vear—agh L 97.8h 2.9" | 97.8h

. edian . . Median .

percentile percentile percentile percentile

2010 0.682 0.940 1.201 0.080 0.118 0.153
2011 0.625 0.890 1.165 0.109 0.167 0.218
2012 0.442 0.679 0.937 0.034 0.055 0.077
2013 0.428 0.652 0.862 0.046 0.075 0.104
2014 0.393 0.618 0.854 0.047 0.077 0.109
2015 0.276 0.472 0.706 0.035 0.058 0.084
2016 0.471 0.746 1.024 0.049 0.083 0.125
2017 0.494 0.782 1.136 0.076 0.133 0.212
2018 0.450 0.754 1.082 0.062 0.116 0.201
2019 0.454 0.764 1.093 0.057 0.115 0.218

The 2014 year class is likely larger than average but hasa0l% chance of being larger than
the 2010 year class. There is no information in the data tmast the sizes of the 2019 and 2020
year classes. Retrospective analyses of year class stfengbung fish have shown the estimates
of recent recruitment to be unreliable prior to at least nhade-3 (observed at age-2).

DEFAULT HARVEST POLICY

The defaultFspr-400s—40:10 harvest policy prescribes the maximum rate of fisihnagtality to
equalFspr_40%. This rate gives a spawning potential ratio (SPR) of 40%,mmggthat the spawn-
ing biomass per recruit withspr_409% IS 40% of that without fishing. If spawning biomass is
belowB4oy, (40% 0fByp), the policy reduces the TAC linearly until it equals zerdBado, (10% of
Bo). Relative fishing intensity for fishing rateis (1— SPRF))/(1— SPRyw), where SPRo is
the target SPR of 40%; it is reported here interchangeabdy decimal proportion or a percent-
age.

EXPLOITATION STATUS

Median relative fishing intensity on the stock is estimatetidve been below the target of 1.0 for
all years (see Tabld for recent years and Figuf¢. Median exploitation fraction (catch divided
by biomass of fish of age-2 and above) peaked in 1999 and tlaehed slightly higher values
in 2006 and 2008 (Figurg). Over the last five years, the exploitation fraction was lighest
in 2017 (Tabled). Note that in earlier assessments the exploitation fsacivas often defined in
terms of fish age-3 and above, but since the 2018 assessrael&fihition age was lowered to age-
2 because these fish are often caught by the fishery. Medmtivestishing intensity is estimated
to have declined from 94.0% in 2010 to 47.2% in 2015 beforeliey off to 75-78% since 2016.
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Figure f. Trend in median relative fishing intensity (relative to tHeRSmanagement target) through 2019
with 95% posterior credibility intervals. The managememgyét defined in the Agreement is shown as a
horizontal line at 1.0.

The exploitation fraction has increased from a recent 1oW.66 in 2012 to 0.13 in 2017 before
slightly decreasing to 0.12 in 2018 and 2019. There is a denable amount of uncertainty around
estimates of relative fishing intensity, with the 95% pdstasredibility interval reaching above the
SPR management target (of 1.0) for 2016—2019 (Figure

MANAGEMENT PERFORMANCE

Over the last decade (2010-2019), the mean coast-wideatitln rate (proportion of catch target
removed) has been 71.3% (Talge Over the last five years (2015 to 2019), the mean utiliratio
rates were 68.6% for the United States and 53.1% for Cananlal [&ndings last exceeded the
coast-wide quota in 2002 when utilization was 112%, thounghfishing intensity was relatively
low that year due to the appearance of the 1999 year class.

The median relative fishing intensity was below target iryalirs (Figurd). The median female
spawning biomass was above g, reference point in all years except 1999 and 2007-2010
(Figured).

The median relative fishing intensity has never been ab@/atet of 1.0 when the female spawn-
ing biomass is below the reference pointBapy, (Figureh). This highlights the highly dynamic
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Figure g. Trend in median exploitation fraction (catch divided by &gebiomass) through 2019 with 95%
posterior credibility intervals.

Table e.Recent trends in Pacific Hake landings and management aiegisi

U.sS. Canada Total
Coast-wide u.s. Canada  proportion  proportion  proportion
Year Iandlth's ® | ag&gag?t) | angi%tals ® catch catch catch of catch of catch of catch
9 9 9 target (t) target (t)  target (t) target target target
removed removed removed
2010 171,043 57,016 228,059 262,500 193,935 68,565 88.2% 2983 86.9%
2011 231,261 56,073 287,334 393,751 290,903 102,848 79.5%  4.5%b 73.0%
2012 160,144 47,059 207,203 251,809 186,036 65,773 86.1% .5%71 82.3%
2013 233,578 52,249 285,828 365,112 269,745 95,367 86.6% .8%b4 78.3%
2014 264,141 35,118 299,259 428,000 316,206 111,794 83.5% 1.4%3 69.9%
2015 154,160 39,684 193,844 440,000 325,072 114,928 47.4%  4.59%3 44.1%
2016 262,327 69,743 332,070 497,500 367,553 129,947 71.4% 3.7%b 66.7%
2017 354,229 86,721 440,950 597,500 441,433 156,067 80.2% 5.6%b 73.8%
2018 318,306 95,413 413,719 597,500 441,433 156,067 72.1% 1.1%6 69.2%
2019 317,003 94,280 411,283 597,500 441,433 156,067 71.8% 0.4%6 68.8%
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Figure h. Estimated historical path of median relative spawning laissin yeat and corresponding median
relative fishing intensity in year— 1. Labels show the start year, end year and year of highegtves|
fishing intensity; labels correspond to yedr.e., year of the relative spawning biomass). Gray bara spa
the 95% credibility intervals for 2020 relative spawnin@mniass (horizontal) and 2019 relative fishing
intensity (vertical).

nature of the stock due to high variation in recruitmentrggth. While the target fishing mortality
(Fspro40%) andBagy, result in different population sizes (see Tab)gethis difference is not, by
far, the major driver of the observed dynamics. Between 206¥2010, median relative fishing
intensity ranged from 77% to 94% and median relative spagvhiomass between 0.33 and 0.38.
Biomass has risen from the 2010 low with the 2008, 2010, aridl 28cruitments, and median
relative spawning biomass has been above the referenceqbdit% since 2011.

While there is large uncertainty in the estimates of reéafishing intensity and relative spawning
biomass, the model estimates a 4.3% joint probability afigpeoth above the target relative fishing
intensity in 2019 and below th&yqe, relative spawning biomass level at the start of 2020.

REFERENCE POINTS

Estimates of the 2020 base model reference points with pasteedibility intervals are in Table
The medians of sustainable yields and biomass refereno¢spoe almost 10% lower than in the
2019 assessment. The probability that spawning biomase dadginning of 2020 is belo®,q0,

is P(Bzozo< B4o%) = 9.9%, and of being belo,so, is P(Bzozo< 525%) =0.6%. The probability
that the relative fishing intensity was above its target 6felk.the end of 2019 was 8.4%.

Pacific Hake assessment 2020 16 Executive summary



Table f. Summary of median and 95% credibility intervals of equilibn reference points for the Pacific
Hake base assessment model. Equilibrium reference poartseomputed using 1975-2019 averages for
mean weight-at-age and 1966—-2019 averages for selecdivdge.

. 2.50 . 97.3"
Quantity percentile Median percentile
Unfished female spawning bioma(thousand t) 1,231 1,832 2,853
Unfished recruitmentRy, millions) 1,403 2,505 4,961
Reference points (equilibrium) based orFspr_40%

Female spawning biomasskipr-409 (thousand t) 397 656 1,025
SPR atFspr_409 - 40% -
Exploitation fraction corresponding #€spr-40% 16.0% 18.3% 20.9%
Yield associated witlrspr-409 (thousand t) 176 308 544
Reference points (equilibrium) based orBsgy, (40% of Bg)

Female spawning biomasBpy, thousand t) 492 733 1,141
SPR aBoy 40.6% 43.4% 50.6%
Exploitation fraction resulting 8409 12.6% 16.2% 19.2%
Yield at B4go, (thousand t) 174 301 531
Reference points (equilibrium) based on estimated MSY

Female spawning biomasBy(sy, thousand t) 295 466 799
SPR at MSY 22.3% 29.4% 45.4%
Exploitation fraction corresponding to SPR at MSY 152% 82%. 35.0%
MSY (thousand t) 182 325 585

UNRESOLVED PROBLEMS AND MAJOR UNCERTAINTIES

Measures of uncertainty in the base model underestimatetfleuncertainty in the current stock
status and projections because they do not account foripp@ssternative structural models for
hake population dynamics and fishery processes (e.qg.tiséld@and the scientific basis for prior

probability distributions. To address such structuralastainties, we performed sensitivity anal-
yses to investigate a range of alternative assumptiong usaximum likelihood estimation, and

present the key ones in the main document. We also presémdyésian analyses for a model
that includes the age-1 survey index and a model that usesethefficient No-U-Turn-Sampler

(NUTS) within the R packagednuts.

In a 2015 Joint Management Committee (JMC) meeting, the ¥e€anted results from closed-
loop simulations to evaluate the effect of including potrage-1 indices on management out-
comes. It was found that fitting to an unbiased age-1 survayiteein lower catch, lower prob-

ability that spawning biomass falls beldB{oy%, and a lower average annual variability in catch.
However, comparable results in terms of catch may be acthi@ite a more precise age-2+ survey
or alternative harvest control rules. The simulations ee=siian age-1 survey design with con-
sistent, effective, and intensive sampling, which may rethHe case for the existing age-1 index.
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This is why the estimates are included in a sensitivity rdheathan the base model.

The Pacific Hake stock displays high recruitment variaprifative to other west coast groundfish
stocks, resulting in large and rapid biomass changes. €huslto a dynamic fishery that poten-
tially targets strong cohorts and results in time-varyisgédry selectivity. This volatility results in

a high level of uncertainty in estimates of current stockustand stock projections because, with
limited data to estimate incoming recruitment, the cohartsfished before the assessment can
accurately determine how big they are (i.e., cohort stierghot well known until it is has been
observed by the fishery and survey, typically at minimum aje-

FORECAST DECISION TABLES

The catch limit for 2020 based on the defab¥pr-400~40:10 harvest policy has a median of
666,458 t with a wide range of uncertainty, the 95% credipifiterval being 258,675-1,588,947 t.

Decision tables give the projected population statustirelapawning biomass) and fishing inten-
sity relative to the target under different catch alteneifor the base model (Tablgandh). The
tables are organized such that the projected outcome forgaential catch level and year (each
row) can be evaluated across the quantiles (columns) ofdktepor distribution. Figureshows
the projected biomass for several catch alternatives. IBbpn dynamics and governing param-
eters assumed during the forecast period include averaggtraent (no recruitment deviation);
selectivity, weight-at-age and fecundity averaged oveffitre most recent years (2015-2019); and
all other parameters as constant.

A relative fishing intensity above 1 (or 100% when shown asregrgage) indicates fishing greater
than theFspr-400, default harvest rate catch target. This can happen for tltBameelative fish-

ing intensity in projected years because apr_400, default harvest-rate catch limit is calculated
using baseline selectivity from all years, whereas theclasted catches are removed using selec-
tivity averaged over the last five years. Recent changedactsety will thus be reflected in the
determination of fishing in excess of the default harvestgoAlternative catch levels where me-
dian relative fishing intensity is 100% for three years ofj@ctions are provided for comparison
(scenario g: FI=100%).
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Table g. Forecast quantiles of Pacific Hake relative spawning bisna&she beginning of the year before
fishing. Catch alternatives are based on: constant catelsl&éows a, b, c, d, e, ), including catch similar
to 2019 (row d) and the TAC from 2019 (row f), catch values tlesult in a median relative fishing
intensity of 100% (row g), median catch estimated via thadéharvest policyKspr-400—40:10) for the
base model (row h), and the fishing intensity that results 50% probability that the median projected
catch will remain the same in 2020 and 2021 (row i). Catch @222@oes not impact the beginning of the
year biomass in 2022.

Within model quantile 5% 25% 50% 75% 95%
Management Action _— . . .
Year Catch (0 Beginning of year relative spawning biomass
a 2020 0 35% 51% 65% 83% 116%
2021 0 34% 48% 62% 79% 111%
2022 0 33% 48% 62% 80% 125%
b: 2020 180,000  35% 51% 65% 83% 116%
2021 180,000 30% 44% 58% 74% 106%
2022 180,000 26% 40% 53% 71% 116%
c: 2020 350,000 35% 51% 65% 83% 116%
2021 350,000 26% 40% 53% 70% 101%
2022 350,000 18% 32% 45% 63% 107%
d: 2020 410,000 35% 51% 65% 83% 116%
2019 2021 410,000 24% 38% 52% 69% 99%
catch 2022 410,000 15% 29% 42% 60% 104%
e: 2020 500,000 35% 51% 65% 83% 116%
2021 500,000 22% 36% 50% 66% 97%
2022 500,000 11% 25% 38% 56% 100%
f: 2020 597,500 35% 51% 65% 83% 116%
2019 2021 597,500 20% 34% 47% 64% 94%
TAC 2022 597,500 9% 21% 34% 52% 95%
g: 2020 558,094, 35% 51% 65% 83% 116%
Fl= 2021 438,261 21% 35% 48% 65% 95%
100% 2022 361,901 11% 26% 39% 56% 100%
h: 2020 666,458 35% 51% 65% 83% 116%
default 2021 484,844 18% 32% 46% 62% 92%
HR 2022 387,238 9% 22% 35% 53% 96%
i: 2020 523,713 35% 51% 65% 83% 116%
C2020= 2021 523,714 22% 36% 49% 66% 96%
C2021 2022 411,472 10% 24% 37% 55% 99%

Pacific Hake assessment 2020 19 Executive summary



Table h. Forecast quantiles of Pacific Hake relative fishing intgngitSPR)/(1-SPEye), expressed as a
percentage, for the 2020-2022 catch alternatives prasaniableg. Values greater than 100% indicate
relative fishing intensities greater than thgr-409 harvest policy calculated using baseline selectivity.

Within model quantile 5% 25% 50% 75% 95%
Manag$21aernt é(;ttlc(:)r? 0) Relative fishing intensity
a 2020 0 0% 0% 0% 0% 0%
2021 0 0% 0% 0% 0% 0%
2022 0 0% 0% 0% 0% 0%
b: 2020 180,000 30% 42% 52% 63% 82%
2021 180,000 31% 44% 55% 67% 88%
2022 180,000 30% 45% 57% 70% 93%
c: 2020 350,000 50% 67% 79% 91% 112%
2021 350,000 53% 71% 86% 100% 123%
2022 350,000 53% 75% 92% 108% 135%
d: 2020 410,000 56% 73% 86% 98% 118%
2019 2021 410,000 59% 79% 94% 109% 132%
catch 2022 410,000 60% 83% 101% 118% 143%
e: 2020 500,000 64% 82% 95% 107% 127%
2021 500,000 68% 89% 105% 120% 141%
2022 500,000 69% 95% 114% 132% 147%
f: 2020 597,500 71% 90% 103% 115% 134%
2019 2021 597,500 76% 98% 114% 129% 145%
TAC 2022 597,500 79% 106% 125% 140% 148%
g: 2020 558,094 68% 87% 100% 112% 131%
Fl= 2021 438,261 63% 84% 100% 116% 139%
100% 2022 361,901 56% 81% 100% 119% 144%
h: 2020 666,458  76% 95% 108% 120% 138%
default 2021 484,844 68% 90% 107% 123% 144%
HR 2022 387,238 60% 86% 107% 127% 146%
i: 2020 523,713 66% 84% 97% 109% 129%
C2020= 2021 523,714 70% 91% 107% 122% 143%
C2021 2022 411,472 62% 87% 107% 126% 146%
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Figure i. Time series of estimated relative spawning biomass to 2a#@ the base model, and forecast
trajectories to 2022 (grey region) for several managemeliires defined in Tablg, with 95% posterior
credibility intervals.

Management metrics that were identified as important to k& and the Advisory Panel (AP)
in 2012 are presented for 2021 and 2022 projections (Tatdaedj and Figureg andk). These
metrics summarize the probability of various outcomes ftbenbase model given each potential
management action. Although not linear, probabilities bannterpolated from these results for
intermediate catch values in 2020 (Tabbnd Figurg). However, interpolation is not appropriate
for all catches in 2021 because catch alternatives g andéhdadehes that are larger than 500,000 t
(the constant catch for alternative e) in 2020 but smallantf00,000 t in 2021 (Table); this
explains why a few probabilities decline (rather than rigih increased 2021 catch levels in
Tablej and Figurek.

Figurei shows the predicted relative spawning biomass trajectonugh 2022 for several of the
management actions. With zero catch for the next two yelhesbiomass has a 81% probability
of decreasing from 2020 to 2021 (Talb)eand a 63% probability of decreasing from 2021 to 2022
(Tablej).

The probability of the spawning biomass decreasing fromD202021 is over 80% for all catch
levels, including zero (Tableand Figurg). It is 95% for the 2020 catch level similar to that for
2019 (catch alternative d). For all explored catches, thgimmam probability of the spawning
biomass dropping beloW1qg, at the start of 2021 is 1%, and of dropping belBapo, is 40%
(Tablei and Figurej). As the large 2010 and 2014 cohorts continue to age, themass is
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Figure j. Graphical representation of the probabilities relategpavmsing biomass, relative fishing intensity,
and the 2021 default harvest policy catch for alternative026atch options (explained in Tabdg as
listed in Tablei. The symbols indicate points that were computed directynfmodel output and lines
interpolate between the points.

Table i. Probabilities related to spawning biomass, relative fighimensity, and the 2021 default harvest
policy catch for alternative 2020 catch options (explaimetdiableg).

Probability  Probability
2020 relative 2021 default

Catch Probability Probability Probability Probability fishing harvest policy
in 2020 B2021<B2020 B2021<B40ys B2021<B25% B2021<B10% intensity catch
>100% <2020 catch

a:0 81% 11% 1% 0% 0% 0%

b: 180,000 91% 18% 2% 0% 1% 1%

c: 350,000 94% 26% 4% 0% 14% 17%

d: 410,000 95% 28% 6% 0% 22% 28%

e: 500,000 96% 32% 8% 0% 39% 45%

f: 597,500 97% 37% 10% 0% 57% 62%

g: 558,094 96% 35% 10% 0% 50% 56%

h: 666,458 97% 40% 13% 1% 66% 71%

i: 523,713 96% 33% 8% 0% 43% 50%
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Figure k. Graphical representation of the probabilities relatedpmasing biomass, relative fishing inten-
sity, and the 2022 default harvest policy catch for alteweaR021 catch options (including associated
2020 catch; catch options explained in Tag)es listed in Tablg. The symbols indicate points that were
computed directly from model output and lines interpolageateen the points.

Table j. Probabilities related to spawning biomass, relative fighimensity, and the 2022 default harvest
policy catch for alternative 2021 catch options, given tB2@catch level shown in Tabl€catch options
explained in Tablg).

Probability  Probability
2021 relative 2022 default

Catch Probability Probability Probability Probability fishing  harvest policy
in 2021 B2022<B2021 B2022<Baoys B2022<B2s% B2022<B10% intensity catch
>100% <2021 catch

a:0 63% 12% 1% 0% 0% 0%

b: 180,000 75% 25% 5% 0% 1% 2%

c: 350,000 82% 40% 12% 1% 25% 27%

d: 410,000 83% 46% 17% 2% 39% 40%

e: 500,000 86% 53% 24% 4% 58% 59%

f: 597,500 87% 60% 33% 7% 72% 74%

g: 438,261 84% 52% 24% 4% 50% 51%

h: 484,844 84% 58% 31% 7% 61% 62%

i: 523,714 86% 54% 27% 5% 62% 63%
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expected to decrease as losses from mortality outweigkasess from growth, while the smaller
but above-average 2016 cohort will add to overall spawningiass as it matures.

RESEARCH AND DATA NEEDS

There are many research projects that could improve thé stegessment for Pacific Hake and
lead to improved biological understanding and decisiokinta The top three are:

1. Continue investigation of links between hake biomassitnspatial distribution, and how
these links vary with ocean conditions and ecosystem asach as temperature and prey
availability. These investigations have the potentialnipiove the scenarios considered in
future management strategy evaluation (MSE) work as wgbragiding a better basic un-
derstanding of drivers of hake population dynamics andaiity to fisheries and surveys.
Related, there is a need to streamline the availability oflpcts from oceanographic models
(e.g., Regional Ocean Modeling System; ROMS) so that theybeaused on a reoccurring
basis as informative links in operational stock assesssnent

2. Use and build upon the existing MSE framework to evaluaagnsources of uncertainty
relating to data, model structure and the harvest policyHis fishery, and compare poten-
tial methods to address them. Incorporate the feedback ifmterested parties into further
development of operating and/or estimation models, thnahg Pacific Hake MSE Working
Group.

3. Continue to conduct research to improve the acoustiegwastimates of age and abundance.
This includes, but is not limited to, species identificatitarget verification, target strength,
directionality of survey, and alternative technologieassist in the survey, as well as im-
proved and more efficient analysis methods. Apply bootpirap(or related) methods to the
acoustic survey time series to incorporate more of the aglienncertainties into the survey
variance calculations. These factors include the targength relationship, subjective scor-
ing of echograms, thresholding methods, the species-nmixdamographic estimates used
to interpret the acoustic backscatter, and others. Comtmwork with acousticians and sur-
vey personnel from the Northwest Fisheries Science Centkfram Fisheries and Oceans
Canada to determine an optimal design, including desigatsriborporate ecosystem-based
factors and other potential target species (e.g., rockéisphausiids, and mesopelagics) for
the Joint U.S./Canada acoustic survey. Develop transpanelrepeatable methods to allow
for the availability of biomass and age composition esteaab the JTC in a timely manner
after a survey is completed.
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1 INTRODUCTION

The Joint U.S.-Canada Agreement for Pacific Hake (calledAtreement) was signed in 2003,
went into force in 2008, and was implemented in 2010. The cittees defined by the Agreement
were first formed in 2011, and 2012 was the first year for whiehgrocess defined by the Agree-
ment was followed. This is the ninth annual stock assessomrducted under the Agreement
process.

Under the Agreement, Pacific Hak®l€rluccius productusalso referred to as Pacific whiting)
stock assessments are to be prepared by the Joint Techwicahiftee (JTC) comprised of both
U.S. and Canadian scientists and reviewed by the Scientfiel® Group (SRG) that consists of
representatives from both nations. Additionally, the Asgnent calls for both of these bodies to
include scientists nominated by an Advisory Panel (AP) dieig stakeholders.

The data sources for this assessment include an acousteysannual fishery catch, as well as sur-
vey and fishery age-composition data. The assessment depemdvrily upon the acoustic survey
biomass index time-series for information on the scale etlrrent hake stock. Age-composition
data from the aggregated fishery and the acoustic surveyderadditional information allowing
the model to resolve strong and weak cohorts. The catch immportant source of information
in contributing to changes in abundance and providing addeend on the available population
biomass in each year.

This assessment is fully Bayesian, with the base model rozating prior information on several
key parameters (including natural mortaliby, and steepness of the stock-recruit relationshjp,
and integrating over parameter uncertainty to providelteshat can be probabilistically inter-
preted. From a range of alternate models investigated by Tle a subset of sensitivity analyses
are also reported to provide a broad qualitative compardatructural uncertainty with respect
to the base case. These sensitivity analyses are thorodgkbtyibed in this assessment docu-
ment. The structural assumptions of this 2020 base modpleimented using version 3.30.14.08
of the Stock Synthesis softwarBéthot and Wetzel2013, are largely the same as the 2019 base
model Berger et al.2019, though we incorporate the following three changes. Finstead of
using prescribed constant values, a nearly uniform priotrénsformed space) was applied to the
Dirichlet-Multinomial parameters used to weight the ageaposition data. Second, we removed
the constraint that estimated recruitment deviations lshewm to zero. Lastly, weight-at-age data
for the forecast period was calculated using the averagkeofite most recent years rather than
all years. Responses to 2019 SRG requests are in S&8amd a Glossary of terms appears in
AppendixC.

1.1 STOCK STRUCTURE AND LIFE HISTORY

Pacific Hake is a semi-pelagic schooling species distribali@ng the west coast of North America,
generally ranging in latitude from 2B to 55°N (see Figurd for an overview map). Itis among 18
species of hake from four genera (being the majority of th@lfaMerluccidae), which are found

in both hemispheres of the Atlantic and Pacific Ocedibgit and Pitcher1995 Lloris et al,
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2005. The coastal stock of Pacific Hake is currently the most dbahgroundfish population
in the California Current system. Smaller populations @ #pecies occur in the major inlets of
the Northeast Pacific Ocean, including the Strait of Georfia Puget Sound, and the Gulf of
California. Genetic studies indicate that the Strait of eoand the Puget Sound populations are
genetically distinct from the coastal populatidw@&moto et al. 2004 King et al, 2012. Genetic
differences have also been found between the coastal gapuénd hake off the west coast of
Baja California ¥rooman and Palomd977. The coastal stock is also distinguished from the
inshore populations by larger size-at-age and seasonghtoig behavior.

The coastal stock of Pacific Hake typically ranges from theeveeoff southern California to north-
ern British Columbia and rarely into southern Alaska, wtik horthern boundary related to fluc-
tuations in annual migration. In spring, adult Pacific Hakgnate onshore and northward to feed
along the continental shelf and slope from northern Calitoto Vancouver Island. In summer,
Pacific Hake often form extensive mid-water aggregatior@ssociation with the continental shelf
break, with highest densities located over bottom depttZ)6f300 m Dorn and Methqt1991,
1992.

Older Pacific Hake exhibit the greatest northern migratiacheseason, with two- and three-year
old fish rarely observed in Canadian waters north of soutantouver Island. During El Nifio
events (warm ocean conditions, such as 1998 and to some 2%E%), a larger proportion of the
stock migrates into Canadian waters (FigByeapparently due to intensified northward transport
during the period of active migratiobprn, 1995 Agostini et al, 2006. In contrast, La Nifia
conditions (colder water, such as in 2001) result in a soatbwhift in the stock’s distribution, with

a much smaller proportion of the population found in Canadvaters, as seen in the 2001 survey
(Figure2). The distribution of age-1 fish also changes between y&agsie3). The research on
links between migration of different age classes and enwental variables is anticipated to be
updated in the years ahead to take advantage of the datatleabben collected in the years since
the previous analyses were conducted.

Additional information on the stock structure for Pacifickdas available in the 2013 Pacific Hake
stock assessment documeldigks et al, 2013.

1.2 ECOSYSTEM CONSIDERATIONS

Pacific Hake are important to ecosystem dynamics in the EaB&cific Ocean due to their rel-
atively large total biomass and potentially large role athlpyey and predator. A more detailed
description of ecosystem considerations is given in th&8ZHcific Hake stock assessmeanioks

et al, 2013. Recent research has developed an index of abundance fobdldt Squid and sug-
gested hake abundance decreased with increasing squidaaimenGStewart et al.2014 and has
evaluated hake distribution, recruitment, and growthguatt in relation to oceanographic condi-
tions for assessment and managemRBeisgler et al 2007 Hamel et al.2015. The 2015 Pacific
Hake stock assessment document presented a sensitiviygianahere hake mortality was linked
to the Humboldt Squid indexTaylor et al, 2015. This sensitivity was not repeated in this as-
sessment, although further research on this topic is needadoing research investigating abi-
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otic (environmental conditions) and biotic (e.g., euphidudistribution and abundance) drivers of
hake distribution and recruitment could provide insighdinow the hake population is linked with
broader ecosystem considerations. In terms of an ‘EcasyAfgproach to Fisheries Management’
(a new priority for DFO), the use of empirical weight-at-agmmewhat accounts for ecosystem
effects (see Sectioh.3.3.

1.3 MANAGEMENT OF PACIFIC HAKE

Since the implementation of the Magnuson-Stevens Fisheng€rvation and Management Act in
the U.S. and the declaration of a 200-mile fishery-consemaibne in the U.S. and Canada in the
late 1970s, annual quotas (or catch targets) have been aidiedttthe catch of Pacific Hake in
both countries’ zones. Scientists from both countriesohisally collaborated through the Tech-
nical Subcommittee of the Canada-U.S. Groundfish Comm{ii&), and there were informal
agreements on the adoption of annual fishing policies. [Quhe 1990s, however, disagreements
between the U.S. and Canada on the allotment of the catcts loeiween U.S. and Canadian fish-
eries led to quota overruns; 1991-1992 national quotas ®drim128% of the coast-wide limit,
while the 1993-1999 combined quotas were an average of 112B& éimit. The Agreement be-
tween the U.S. and Canada establishes U.S. and Canadias sténe coast-wide total allowable
catch (TAC) at 73.88% and 26.12%, respectively, and thigidigion has been adhered to since
ratification of the Agreement.

Throughout the last decade, the total coast-wide catchraelsetd harvest targets reasonably well.
Since 1999, catch targets have been determined usiRgpanagy, default harvest rate with a 40:10
adjustment. This decreases the catch linearly from thdn¢atget at a relative spawning biomass
of 40%, to zero catch at relative spawning biomass value®%f dr less (called the default harvest
policy in the Agreement); relative spawning biomass is #madle spawning biomass divided by
that at unfished equilibrium. Further considerations hdt@enaesulted in catch targets being set
lower than the recommended catch limit. In the last decauta| tatch has never exceeded the
guota, although retrospectively, as estimated in thissgssent, harvest rates in some of those
years approached tigpr-400 target. Overall, management appears to be effective attaiaiing

a sustainable stock size, in spite of uncertain stock assggs and a highly dynamic population.
However, management has been risk averse in years wheravgeyjuotas were determined using
the default harvest control rule and stock assessment sutpu

1.3.1 Management of Pacific Hake in the United States

Inthe U.S. zone, participants in the directed fishery araired to use pelagic trawls with a codend
mesh of at least 7.5 cm (3 inches). Regulations also reskiceirea and season of fishing to
reduce the bycatch of Chinook salmddncorhynchus tshawytschand several depleted rockfish
stocks (though all but one of the rockfish stocks have rebuicent years). The at-sea fisheries
begin on May 15, but processing and night fishing (midnighdrie hour after official sunrise) are
prohibited south of 42N latitude (the Oregon-California border). Shore-basdurigis allowed
after April 15 south of 4830'N latitude, but only a small amount of the shore-basedcalion
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is released prior to the opening of the main shore-basedyighay 15). The current allocation
agreement, effective since 1997, divides the U.S. harméstiibal (17.5%) and non-tribal (82.5%,
with a small set aside for research) components. The nbattrarvest allocation is divided among
catcher-processors (34%), motherships (24%), and thedjased fleet (42%). Since 2011, the
non-tribal U.S. fishery has been fully rationalized witloaltions in the form of Individual Fishing
Quotas (IFQs) to the shore-based sector and group sharesperatives in the at-sea mothership
and catcher-processor sectors. Starting in 1996, the Middcaan Tribe has conducted a fishery
with a specified allocation in its “usual and accustomed iiglarea”. The At-Sea Hake Observer
Program has been monitoring fishing vessel activity singb 18riginally monitoring foreign and
joint-venture vessels. Observer coverage has been 100%domeestic vessels since 1991.

Shortly after the 1997 allocation agreement was approvethéyacific Marine Fisheries Com-
mission, fishing companies owning catcher-processor (E89els with U.S. west coast groundfish
permits established the Pacific Whiting Conservation Caaipe (PWCC). The primary role of
the PWCC is to distribute the CP allocation among its memtmeashieve greater efficiency and
product quality, as well as promoting reductions in wasia laycatch rates relative to the former
“derby” fishery in which all vessels competed for a fleet-wifita. The mothership (MS) fleet
has also formed a cooperative where bycatch allocationsaed and shared among the vessels.
The individual cooperatives have internal systems of asea monitoring and spatial closures
to avoid and reduce bycatch of salmon and rockfish. The dbased fishery is managed with
IFQs.

1.3.2 Management of Pacific Hake in Canada

Canadian groundfish managers distribute their portiorl@%) of the TAC as quota to individual
license holders. In 2019, Canadian hake fishermen wereatdld@ TAC of 156,067 t, including
20,824 t of uncaught carryover fish from 2018. Canadian pyities with the domestic fishery,
but when there is determined to be an excess of fish for whietetis not enough domestic pro-
cessing capacity, fisheries managers give considerati@domt-Venture fishery in which foreign
processor vessels are allowed to accept codends from Ganeaticher vessels while at sea. The
last year a Joint-Venture fishery was conducted was in 2018.

In 2019, all Canadian Pacific Hake trips remained subjecOf@d observer coverage, by either
electronic monitoring for the shoreside component of theeéstic fishery or on-board observer for
the freezer-trawler component. All shoreside hake larslimgre also subject to 100% verification
by the groundfish Dockside Monitoring Program (DMP). Reatamof all catch, with the exception
of prohibited species, was mandatory. The retention ofgplish other than Sablefish, Mackerel,
Walleye Pollock, and Pacific Halibut on non-observed buttetmically monitored, dedicated Pa-
cific Hake trips, was not allowed to exceed 10% of the landéchoaeight. The bycatch allowance
for Walleye Pollock was 30% of the total landed weight.
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1.4 FISHERIES

The fishery for the coastal population of Pacific Hake occlosgthe coasts of northern Califor-
nia, Oregon, Washington, and British Columbia primarilyidg May-November. The fishery is

conducted with mid-water trawls. Foreign fleets dominakedfishery until 1991, when domestic
fleets began taking the majority of the catch. Catches wetasi@nally greater than 200,000 t
prior to 1986, and since then they have been greater tha®@D® for all except four years. A

more detailed description of the history of the fishery isymted byHicks et al.(2013.

The Pacific Hake stock is of huge commercial value. For exaniplCanada alone over CA$26 mil-
lion in wages was estimated to have been paid to employedgqirbcessing industry in 2018,
with an exported value of CA$100 million mainly to Ukrainehi@a, South Africa and Lithuania

(DFO Groundfish Pacific Region 2020 Integrated Fisheriesdgament Plan summary, in prep.,
to be available afttp://www.pac.dfo-mpo.gc.ca/fm-gp/ifmp-eng.hymi

1.4.1 Overview of the fisheries in 2019

The Joint Management Committee (JMC) determined an adj(&iecarryovers) coast-wide TAC

of 597,500 t for 2019, with a U.S. allocation of 441,433 t 8&%) and a Canadian allocation of
156,067 t (26.12%). The historical catch of Pacific Hake 86@-2019 by nation and fishery
sector is shown in Figuré and Tablesl, 2, and3. Table4 shows recent catches in relation to
targets (see Sectidh4.2. A review of the 2019 fishery now follows by nation.

United States

The U.S. adjusted allocation (i.e., adjusted for carrysyef 441,433 t was further divided among
the research, tribal, catcher-processor, mothershipslamiet-based sectors. After the tribal alloca-
tion of 17.5% (77,251 t), and a 1,500 t allocation for reskeaatch and bycatch in non-groundfish
fisheries, the 2019 non-tribal U.S. catch limit of 362,682asvallocated to the catcher-processor
(34%), mothership (24%), and shore-based (42%) commegecibrs. Reallocation of 40,000 t
of tribal quota to non-tribal sectors on September 13 redut final quotas for the CP, MS, and
shore-based sectors of 136,912 t, 96,644 t, and 169,1Xpectvely.

The midwater fishery for Pacific Hake began on May 15 for theesth@sed and at-sea fisheries. In
earlier years, the shore-based midwater fishery began @enlknorth of 42N latitude, but could
fish for hake between 480'N and 42N latitudes starting on April 1. Beginning in 2015, the
shore-based fishery has been allowed to fish north @@ latitude starting May 15 and could
fish south of 4030’'N latitude starting on April 15. Regulations do not allai+sea processing
south of 42N latitude at any time during the year.

The overall catch of Pacific Hake in U.S. waters was sligrgislthan in 2018, but was the third
highest value ever recorded (Taldlp Monthly catch rates were similar to those calculated for
2018, except for September which was considerably high201® compared to 2018 (FiguBe.
Tribal landings available at the time of the assessment wgi@? t. As in recent years, careful
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consideration was needed to accurately account for trémalihgs. The catcher-processor, moth-
ership, and shore-based fleets caught 84.8%, 54.5%, an% &f.their final reallocated quotas,
respectively. Overall, 124,430t (28.2%) of the total U §uated TAC was not caught. For further
details see the report from the U.S. Advisory Panel (Appe&dli

In both U.S. at-sea sectors (CP and MS) the most common &oihdtie fishery were age-9, age-

5, and age-3 fish associated with the 2010, 2014, and 2016&clsesmes. Age-2 fish were more
present in the catch this year than in 2018. Sampling by sgateed with 494 and 286 sampled
hauls from each sector, respectively (TableFor the CP sector, the four most abundant age classes
(by numbers) seen in 2019 were age-5 (39.0%), age-3 (254¢)9 (17.4%), and age-2 (6.8%;
Table6). For the MS sector, the four most abundant age classes & 2@re age-5 (36.5%),
age-3 (20.4%), age-9 (16.5%), and age-2 (15.2%; Tabl&ge-samples from 92 shoreside trips
showed a similar proportional abundances for age-5 (3Q.8¢€-3 (22.0%), age-2 (17.2%), and
age-9 (16.7%) in 2019 (Tab®).

The at-sea fishery maintained moderately high catch ratesghout the year (Figurs), averaging
around 20 t/hr in the spring (May—June) and 15 t/hr in the(Bdptember—November). Relative
to last year, the spring fisheries saw a decline in catch,ratesreas catch rates were higher in
September and October. The median fishing depth for theadlessts was slightly shallower than
last year, which was shallower than previous years (Figuré-rom mid-June to September/Oc-
tober, operators in the at-sea fishery moved to their usuahsar fishing grounds where they
experienced slower than normal fishing of Bering Sea WalkRgkock. The shore-based fishery
had the largest monthly catches during July, August, andeSdger. The U.S. utilization rate
(71.8%) continued to be maintained close to what it has beescent years because of high catch
rates, despite vessels needing to implement bycatch-avogdmeasures (see AppenHifor more
details).

Canada

The 2019 Canadian Pacific Hake domestic fishery removed Q4 f28m Canadian waters, which
was 60.4% of the Canadian TAC of 156,067 t.

The shoreside component, made up of vessels landing fraad pyoduct onshore, landed 50,330t.
The freezer trawler component, which freezes headed anddgptoduct while at sea, landed
43,950 t. There was no Joint-Venture fishery this year.

Fishing started in February and ended in early Decembes yidar most of the fish were caught
in the deep water ‘scuzz’ layer as opposed to the usual laggeegations. Fish migration ap-
peared normal with early fishing in the South and moving neatidl throughout the season. The
deeper ‘scuzz’ fishing resulted in higher than normal byicafdRougheye and Bocaccio rockfish.
Small fish (aged 2-3 years) were found over the whole fishiag@ein the North, around Queen
Charlotte Sounds and Milbank Sound.

A majority of the Canadian production was HGT (headed, gludtied tail off), by both shoreside
and freezer vessels, with a very small amount of mince andeadoond produced shoreside. The
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Canadian hake shoreside TAC was harvested by freezer sesgkVessels that delivered fresh fish
to shoreside plants.

The most abundant year classes (by numbers) in the Canadiandr trawler catch were age 9 at
23.4%, age 5 at 19.0%, age 2 at 17.1%, and age 3 at 15.6%.

The most abundant year classes in the Canadian Shoresateveate age 5 at 28.7%, age 9 at
25.8%, age 2 at 14.3%, and age 3 at 11.6%.

For an overview of Canadian catch